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Background: Extremely preterm (EP) infants are at the highest risk of retinopathy of prematurity (ROP). With more EP infants survived in China, recent data of ROP is lacking. The aim of the study is to report the trend of incidence of ROP among EP infants in a large neonatal intensive care unit in China over the past 10-year period, in relation with the overall survival rate and the change of oxygen saturation targets.

Methods: This retrospective cohort study enrolled all EP infants born before 28 weeks' gestation and admitted to one of the largest tertiary neonatal intensive care units in China from 2010 to 2019. Data were compared between two time periods according to different oxygen saturation targets: 2010–2014 (P1) with low saturation target and 2015–2019 (P2) with higher target.

Results: Of 630 EP infants admitted during the 10 years, 447 (71.0%) infants survived to discharge. The survival rate increased significantly from 61.6% in P1 to 75.8% in P2 (P < 0.05). Of the 472 infants who had ROP data, 318 (67.4%) developed ROP of any stage, 67 (14.2%) developed severe ROP, and 44 (9.3%) received treatment. The incidence of any ROP increased significantly from 51.7% in P1 to 74.3% in P2 (P < 0.05). The incidence of severe ROP increased from 11.0% in P1 to 15.6% in P2, and ROP treatment increased from 6.9% in P1 to 10.4% in P2, but neither reached statistical significance (both P > 0.05).

Conclusions: We observed an increasing trend in the incidence of ROP across the 10-year period in one of the largest neonatal care units in China. The increased survival rate and the use of high-target oxygen saturation in the later period may partly explain this trend. Further investigations are needed to improve the care practices and to reduce the incidence of severe ROP.
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INTRODUCTION

The survival rate of extremely preterm (EP, <28 weeks' gestation) infants in China has improved significantly during the last two decades. While with more EP infants survive, the incidences of major morbidities including severe retinopathy of prematurity (ROP) have been increasing (1). Severe ROP is the leading cause of childhood blindness worldwide (2). EP infants are at the highest risk of severe ROP and ROP requiring treatment. In a Swedish national cohort of EP infants, 9 of 434 (2.1%) were blind and 38 of 434 (8.8%) were visually impaired at 6.5 years, and visual problems were strongly associated with treated ROP (3). EP infants with severe ROP (stage ≥3 or requiring treatment) also have higher risks of cognitive and motor developmental delay, compared with those without severe ROP (4, 5).

ROP is a multifactorial disease, with prematurity and excessive oxygen exposure as the most important risk factors (6). Developed countries have experienced the “first epidemic (in the 1940s and 1950s)” and the “second epidemic (in the 1970s)” of ROP (7), and the incidence of severe ROP in EP infants began to decline or stabilize at a relatively low level (8). However, China, like other developing countries, is in the midst of “the third epidemic” of ROP (since 2000), with increased survival of EP infants and inadequate quality of neonatal care (9–11). Gilbert and colleagues called this “third epidemic” of severe ROP a mixture of first epidemic risk factors (inadequately monitored oxygen) and second epidemic risk factors (extreme prematurity) (7).Since the first guidance on oxygen therapy and the prevention and treatment of ROP issued by the Ministry of Health in 2004 (12), the prevention and management of ROP has improved considerably in China. A national multicenter study from 2010 to 2012 showed that the incidences of ROP and severe ROP in premature infants <34 weeks in China were 15.2 and 1.2%, respectively; and among infants with GA <28 weeks, the incidences of ROP and severe ROP were much higher, at 67.1 and 13.8%, respectively (13). However, during the past decade, there has been evolving targets of oxygen saturations for EP infants, which might influence incidence of ROP. In 2014, a meta-analysis and systematic review of several large trials assessing target oxygen saturation in EP infants showed that higher oxygen saturation targets (91–95% compared with 85–89%) were associated with decreased mortality (14). Based on this, many neonatal intensive care units (NICUs) in China adopted higher oxygen saturation target, though the same meta-analysis also showed increased risk of ROP associated with the higher saturation. Currently, limited data on the temporal trends of ROP incidence among EP infants are available in recent years from China.

The aim of the present study was to determine the trend of incidence and severity of ROP among EP infants in one of the largest NICUs in China during a 10-year period, in relation with the overall survival rate and the change of oxygen saturation targets.



MATERIALS AND METHODS


Study Design, Setting, and Patients

This retrospective cohort study included all infants with gestational age <28 weeks and discharged between January 1, 2010 and December 31, 2019 from a tertiary NICU in Shanghai, China. Our NICU is one of the largest referral center for critical neonates in Shanghai and China with around 1,500 admissions annually. Our hospital is a free-standing children's hospital and all infants admitted to our unit are outborns. The study was approved by the Ethics Committee of the Children's Hospital of Fudan University and performed in agreement with the ethical principles in the Declaration of Helsinki.

From 2010 to 2014, our unit used the saturation target of 85%-89% for EP infants, and the target was changed to 91–95% from 2015. Therefore, the 10-year study period were divided into two phases: 2010–2014 (P1) and 2015–2019 (P2). The incidences and severities of ROP were compared between P1 and P2. Data on maternal and infant characteristics, and NICU treatments related with ROP were collected based on previous report of the study group (2).



Diagnosis of ROP

ROP was assessed by qualified ophthalmologists with RetCam fundus camera. The diagnosis and categorization of ROP was made according to the revised International Classification of Retinopathy of Prematurity (IC-ROP) (15). The first fundus examination was performed at the 4 to 6 weeks after birth according to the national guideline issued in 2004 (12) and updated in 2014 (16). The indication for treatment was Type 1 pre-threshold ROP based on the Early Treatment of Retinopathy of Prematurity Study (ETROP) (17). The features of Type 1 pre-threshold ROP included any stage of ROP in zone 1 with plus, zone 1 stage 3 with or without plus, and zone 2 stage 2 or 3 with plus.

Severe ROP was defined as stage 3 or above or the need for treatment with laser or intravitreal anti-vascular endothelial growth factor (VEGF) therapy.



Definitions

Gestational age was defined, in descending order of preference, from the early prenatal ultrasound result, last menstrual period, or New Ballard Score (18). Small for gestational age (SGA) was defined as birth weight (BW) less than the 10th percentile according to Zhu et al. (19). Antenatal steroid use was defined as any administration prior to birth, regardless of the time interval. Prolonged mechanical ventilation (MV) was defined as >7 days of invasive ventilation.



Statistical Analysis

Results were presented as mean with standard deviation (SD), median with interquartile range (IQR), or numbers with percentage, as appropriate. Infants' characteristics were compared between P1 and P2 using the chi-square test for categorical variables and Student's t-test or the Mann-Whitney U-test for continuous variables. The trend analysis was performed with a modified Poisson regression model. SPSS statistical software (SPSS 20.0, SPSS Inc., Chicago, IL, USA) was used for analysis of the data. P-values were 2-tailed, and P < 0.05 was considered statistically significant.




RESULTS

Over the 10 years from 2010 to 2019, a total of 630 infants born before 28 weeks' gestation were admitted to our NICU, with 216 admitted during P1 (2010–2014) and 414 during P2 (2015–2019). Of these, 97 (15.4%) infants died with active treatment, and 86 (13.7%) were taken home by their parents against medical advice. A total of 447 infants survived to discharge, with an overall survival rate of 71.0%. A total of 474 (75.2%) survived to the 5th week after birth and met ROP screening criteria and two infants had incomplete ROP data (Figure 1). Of the 472 infants with ROP screening and complete ROP data, the mean gestational age was 26.9 (SD 0.8) weeks, and mean birth weight was 1,017 (SD 156) g. ROP was found in 67.4% (318/472) of the infants, and severe ROP in 14.2% (67/472) (Figure 1). Overall, 44 (9.3%) received ROP treatment, including 28 infants who underwent laser therapy and 16 infants who were given an anti-VEGF drug (Ranibizumab) via intraocular injections (Figure 1).


[image: Figure 1]
FIGURE 1. The flow chart of study infants and the incidence of ROP in patients who screened for ROP.


Mortality, survival, rates of ROP screening and incidences of ROP from 2010 to 2019 are shown in Table 1 and Figure 2. The number of EP infants increased from 34 in 2010 to 100 in 2019. The overall survival rate was 71.0%, and increased from 61.8% in 2010 to 78.0% in 2019 (P = 0.000). The number of infants who were screened for ROP increased from 23 in 2010 to 83 in 2019, with an increasing trend of ROP screening rate (P = 0.000). The incidence of any ROP ranged from 56.5% in 2010 to 78.6% in 2019, with a significantly increasing trend over the 10 years (P = 0.000). There were no significant trend observed in the incidence of severe ROP or ROP treatment (P = 0.603 and P = 0.448, respectively).


Table 1. Rates of mortality, withdrawn care, survival, and ROP in extremely preterm infants from 2010 to 2019a.
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FIGURE 2. Numbers of screened infants and incidence of ROP in extremely premature infants from 2010 to 2019.


Table 2 shows the rates of survival, mortality and withdrawal care in two periods by GA. As GA increased, the overall survival rates increased from 45.8% among infants born at 24 weeks to 76.9% among infants born at 27 weeks, and the overall mortality decreased from 50.0 to 11.3% among infants born at 24–27 weeks. In the comparisons of the two periods, the survival rate increased from 61.6% in P1 to 75.8% in P2 (P < 0.05). However, when stratified by GA, significant differences were seen only between the 26- and 27-week GA groups.


Table 2. Rates of survival, mortality, and withdrawal care in P1 (2010–2014) and P2 (2015–2019) by gestational weeks, n (%).
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The incidence of any ROP and severe ROP increased with decreasing GA. The incidence of any ROP was significantly higher in P2 than in P1 (74.3 vs. 51.7%; P = 0.000) (Table 3, Figure 3). However, after GA stratification, differences were seen only between the 26- and 27-week GA groups. The incidence of severe ROP increased from 11.0% in P1 to 15.6% in P2, and ROP treatment increased from 6.9% in P1 to 10.4% in P2, but both increases were not statistically significant (P > 0.05) (Table 3, Figure 3).


Table 3. Rates of any ROP, severe ROP, and ROP treatment in 472 extremely preterm infants who completed ROP screening in P1 (2010–2014) and P2 (2015–2019) by gestational weeks, n (%).
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FIGURE 3. Comparison of the incidence of ROP in extremely premature infants between 2010–2014 (P1) and 2015−2019 (P2). **P < 0.05.


Table 4 presents the comparison of the basic characteristics and therapies among the 472 EP infants who completed ROP screening during the two periods. Mean GA and birth weight, proportions of male sex, SGA, and multiple birth remained similar in the two periods. There was no difference in the rates of maternal complications, including gestational diabetes mellitus, gestational hypertensive disease and premature rupture of membranes, between P1 and P2. The use of antenatal steroids increased from P1 to P2, as did the percentage of in vitro fertilization (IVF) and cesarean deliveries. Additionally, the use of caffeine and exclusive breastmilk significantly increased in the later period. Although there was no difference in the oxygen supplementation days between the two periods, the proportion of infants who required prolonged MV decreased significantly from P1 to P2. There was no significant difference in the proportions of infants who received blood transfusions three times or more in the two periods.


Table 4. Comparing basic characteristics and therapies in 472 extremely preterm infants who completed ROP screening in P1 (2010–2014) and P2 (2015–2019).
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DISCUSSION

Our study analyzed the trend of ROP among EP infants in a tertiary NICU over a 10-year period. During this period, the distribution of gestational age and birth weight remained unchanged. ROP screenings were performed by experienced ophthalmologists using a RetCam fundus camera, and the indication for treatment was consistently based on the ETROP treatment threshold during the whole study period.

The overall incidences of any ROP and severe ROP in EP infants during 2010–2019 in our institute were 67.4 and 14.2%, which were similar to a multicenter study in China in 2010–2012. Compared with recently reported data on short-term outcome of EP infants in Guangdong Province during 2008–2017, the incidence was higher in our NICU for any ROP (67.2 vs. 45.1%), with similar incidences of severe ROP (14.2 vs. 14.6%); however, the survival rate was much higher in our NICU (74.9 vs. 52.5%).

In this 10-year period, we found an increasing trend of any ROP, and the incidence of ROP significantly increased from 51.7% in P1 to 71.3% in P2. The incidences for both severe ROP and treated ROP did not change significantly. However, though statistically unsignificant, the incidence of severe ROP increased by 41.8% from 11.0% in P1 to 15.6% in P2, and the incidence of ROP treatment increased by 50.7% from 6.9% in P1 to 10.4% in P2. Further longitudinal monitoring is required.

The incidence of severe ROP among EP infants in developed countries have been stabilized at a low level or showed decreasing trends. From 2007 to 2013, the overall incidence of ROP treatment in extremely premature infants in 11 International Network for Evaluating Outcomes (iNEO) member countries was 19.4% in 2007 and 13.7% in 2013, showing a general decreasing trend (8). In a multicenter study on the outcome of extremely premature infants at 22–28 weeks in the US from 1993 to 2012, ROP of stage 3 or higher increased from 13% of infants (124 of 941) in 1993 to 19% (262 of 1385) in 2003 but decreased to 11% of infants (160 of 1,509) by 2012 (20). These changes can be attributed to a better understanding of the risk factors and pathogenesis of ROP, leading to improvements in perinatal and neonatal care, which improve the primary prevention of severe ROP in EP infants (7). A study conducted by a single center in Hong Kong, China, on the trends in ROP in preterm infants <32 weeks from 2006 to 2015 found a decreasing trend in the incidence of type 1 ROP (severe ROP requiring treatment) for the subgroup with gestational age <28 weeks, although it did not reach statistical significance (21). However, our data indicates an increasing trend in the incidence of severe ROP. One reason for the increasing severe ROP might be that more EP infants survived, similar to the “second epidemic” of severe ROP in developed countries. The EP infants born between 26 and 27 weeks accounted for nearly 90% of the study population, and significant increase of survival rate has been observed among these infants. The overall survival rate of EP infants in our center significantly increased by 17.7% from P1 to P2, and the survival rate in P2 was slightly increased compared with that in the multicenter study in China from 2013–2014 (79 vs. 68.2%). The rising survival rate suggested an improved management of these extremely preterm infants both prenatally, such as an increasing use of antenatal steroids and the post-natal period. In addition, the overall increase in the number of EP infants, which has almost tripled from 34 in 2010 to 100 in 2019, leading more infants screened for ROP, which could also attribute to the increase of ROP incidence in the latter half of the study period.

Moreover, our study showed a higher incidence of ROP treatment for every specific GA stratum than in high-income countries. In Norway, 17 and 9% of preterm infants with a GA of 24 and 25 weeks were treated for ROP, respectively, and none of the infants with a GA > 25 weeks developed ROP requiring treatment in the period from 1999 to 2000 (22). In Switzerland, the incidences of ROP treatment were 14.5, 7.3, 2.7, and 1.1% among infants born at 24, 25, 26, and 27 weeks, respectively, in the 2006–2015 period (23). In our study population, the overall incidence of ROP treatment decreased from 25.0% at 24 weeks to 4.8% at 27 weeks as GA increased; however, it was much higher than the reported incidences in the Norwegian and Switzerland population-based study at each GA.

Efforts have been made in our unit during the past 10 years to improve overall outcomes of EP infants, as well as to reduce ROP.

First, a stricter strategy to use oxygen with blended air and oxygen and monitor oxygen saturation was adopted, although a high-target oxygen saturation (91–95%) has been adopted in this center since 2015. Percutaneous blood oxygen saturation and percutaneous carbon dioxide monitoring were used for EP infants with invasive ventilation to accurately adjust ventilator parameters and avoid excessive fluctuation of blood oxygen saturation, which has been shown in both animal and human clinical studies to increase the risk of severe ROP (24).

Second, the introduction of new non-invasive ventilation strategies in our center since 2015 reduced the proportion of EP infants requiring prolonged MV, which is among the most frequently identified risk factors for ROP. A study conducted in a single center in Spain that included 228 infants with a mean GA of 28.83 ± 2.03 weeks demonstrated that infants with a longer MV time had a higher risk of ROP treatment (an increase in risk of 8.1% for each additional day) (25).

Third, caffeine has been routinely used in EP infants since 2014, which may contributing to early extubation and reduction in severe ROP (26).

Last, the rate of exclusive expressed breastmilk feeding among EP infants increased significantly from 0.7% in P1 to 49.2% in P2 since the establishment of a hospital-based human milk bank in our NICU in 2017. Meta-analyses has shown that human milk is strongly associated with ROP protection (27–29).

Unfortunately, despite of these efforts, the incidence of severe ROP in our center is still on the rise. Except for possible influence from the increasing survival rate of EP infants, practice differences between our unit and developed countries must be examined further in detail and to facilitate targeted quality improvement initiatives.

There are some limitations of our study. First, the retrospective nature of this study inevitably generates inconsistencies in the data, although every effort was made to exclude subjects with incomplete clinical data. Second, our data showed that a significant proportion of infants were taken home by their parents against medical advice. Concerns about adverse outcomes and costs may be the main reason for the negative treatment attitude toward extremely preterm infants. Of these, the vast majority (88.4%, 76 of 86) abandoned care before ROP screening. The infants in this population may survive if treatment was not withdrawn; however, the risk of developing severe ROP needing treatment may be higher. Therefore, the actual incidence of ROP requiring treatment may be underestimated. However, there was no significant difference in the rate of withdrawal care during the 10-year period, which did not affect the trends analysis of ROP incidence. Third, this study was mainly a hospital-based study rather than a population-based study, but our unit is one of the largest NICUs in China. Our study provided information on the trends in ROP incidence in an extremely preterm Chinese population. The results serve as a baseline for future multicenter, prospective trials among Chinese populations.

In conclusion, we observed an increasing trend in the incidence of ROP in EP infants across the 10-year period in one of the largest NICUs in China. The increased survival rate and the use of high-target oxygen saturation in the later period may partly explain this trend, although substantial changes in the NICU protocols and practices have also evolved during this period. More evidence-based management is needed to reduce the incidence of ROP among EP infants.
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7 (46.7)
13 (25.0)
1087)
1356
36 (10.4)°

Total

1(4.2)

15 (20.0)
27 (16.2)
43(11.8)
86 (13.7)

Withdrawal care

P1

0(0.0)
4(17.4)
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14(10.6)
29(13.4)

P2

1(67)
11(21.2)
16 (13.9)
29(12.5)
57(13.8)
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*Comparisons between P1 and P2, P < 0.05.
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Mortality 10 (29.4)
Withdrawn care 3@8)
Sunvival 21(61.8)
Screened for ROP 23(67.6)
Screened and with data 23 (67.6)
Any ROP® 13 (66.5)
Severe ROP® 6(26.1)
ROP treatment® 5(1.7)
RO, retinopathy of prematurity.

%Data were shown as n (%)

2011
(=34

10 (29.4)
8(23.5)
16 (47.1)
17 (50.0)
16 (47.1)
5319

162

1(6.2)

bAmong infants who screened and with ROP data.
°P.values were determined for trend over the decade using modified Poisson regression models.

2012
(n=40)

8(20.0)
8(20.0)
24 (60.0)
25 (625)
25 (62.5)
13 (52.0)
3(12.0)
140

2013
(n=53

13 (24.5)
475
36(67.9)
37 (69.8)
37 (69.8)
17 (45.9)
0(0.0)
0(0.0)

2014
(n =55)

13(23.6)
6(10.9)
36 (65.5)
44.(80.0)
44.(80.0)
27 (61.4)
6(13.6)
3(68)

2015
(n=65)

8(12.3)
8(12.3)
49 (75.4)
50(76.9)
50(76.9)
29(58.0)
6(12.0)
480)

2016
(n=61)

7(115)
15(24.6)
39(63.9)
41(67.2)
41(67.2)
33(80.5)
10 (24.4)

3(7.3)

2017
(n=94)

7(1.4)
9(9.6)
78 (83.0)
80 (85.1)
79(84.0)
63(79.7)
13(16.5)
8(10.1)

2018
(n=94)

12 (12.8)
12 (12.8)
70 (74.5)
73(77.7)
73(77.7)
52(712)
10 (13.7)
10(13.7)

2019
(n=100)

9(9.0)
13 (13.0)
78(78.0)
84(84.0)
84 (84.0)
66 (78.6)
12(14.3)
9(10.7)

Total
(n = 630)

97 (15.4)
86(13.7)
447 (71.0)
474(75.2)
472 (74.9)
318 (67.4)
67 (14.2)
4493

P-value®

0.000
0.640
0.000
0.000
0.000
0.000
0.603
0.448
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Maternal hypertension
Antenatal steroid use
IVF
PROM
Birth weight, g
GA, weeks

24 weoks GA

25 weeks GA

26 weeks GA

27 weeks GA
ELBW
Male sex
Cesarean delivery
SGA
Multiple births
Blood transfusions =3
Prolonged MV
Oxygen days®
Exclusive EBM feeding
Caffeine treatment

Total,
n=472

81(17.2%)
28(5.9%)
252 (53.4%)
177 (87.5%)
180 (38.1%)
1,017 (156)
269(0.8)
12 (2.5%)
46 (9.7%)
121 (25.6%)
293 (62.1%)
200 (42.4%)
288 (61.0%)
109 (23.1%)
13 (2.8%)
193 (40.9%)
181(38.3%)
211 (44.1%)
53(40,72)
162 (34.3%)
315 (66.7%)

P1,
=145

18 (12.4%)
6(4.15)
53(36.6%)
43 (20.7%)
54(37.2%)
1,022 (165)
26.9(0.9)
5(3.4%)
14.(9.7%)
30 (20.7%)
96 (66.2%)
63 (43.4%)
87 (60.0%)
20 (13.8%)
6(4.1%)
56(38.6%)
49 (33.8%)
77 (63.1%)
52(41,79)
1(0.7%)
18 (©.0%)

P2,
n=2327

63(19.3%)
22 (6.7%)
199 (60.9%)
134 (41.0%)
126 (38.5%)
1,015 (162)
26.9(0.8)
72.1%)
32 08%)
91 (27.8%)
197 (60.2%)
137 (41.9%)
201 (61.5%)
89(27.2%)
72.1%)
137 (41.9%)
132 (40.4%)
134 (41.0%)
53(40,70)
161 (49.29%)
302 (92.4%)

P-value

0.069
0.272
0.000
0.019

0.79
0.659
0.806
0.405
0.965
0.101
0.218
0.763
0.763
0.001
0.358
0.504
0.175
0.015
0.843
0.000
0.000

GOM, gestational diabetes melitus; IVF; in vitro fertization; PROM, premature rupture
of membranes; GA, gestational age; ELBW, extremely low birth weight; SGA, small for
gestational age; MV, mechanical ventilation; EBM, expressed breast mik.
“Categorical variables are expressed as n (%) and continuous variables as mean (SD) for
normally distributed variables and median (IQF) for non-normally distributed variables.

bOxygen days are summed up days from admissions.
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